OBJECTIVE To investigate the effect of co-culture between colon cancer cells (SW1116) and human liver sinusoidal endothelial cells (HLSECs) on cancer cell metastasis, and to provide a novel model for studying the mechanism of colon cancer liver metastasis. METHODS HLSECs and SW1116 were co-cultured for 21 rounds in vitro. Transwell migration, gelatin-zymography, CCK-8 proliferation and colony formation assays were used to examine the invasion, proliferation, and colony forming ability of cancer cells. Assays were carried out to examine tumor growth ability and liver metastasis. The associated molecular change was examined by western blotting. RESULTS After 21 selection rounds, colon cancer cells SW1116P21 displayed a clear boundary. Compared with the SW1116 cells, SW1116P21 cells had a greater invasive ability, cell proliferation and colony formation in soft agar. A gelatin-zymography assay showed that the ability of SW1116P21 cells to secrete matrix metalloproteinase-2/9 was significantly greater than that of SW1116 cells. Additionally, the capacity for subcutaneous tumor formation of SW1116P21 was significantly increased. It was found that mice injected with SW1116P21 cells developed significantly more visually observable liver nodules than mice injected with SW1116 cells. Western blotting showed increased vimentin expression and decreased E-cadherin expression in the SW1116P21 cells, compared with the SW1116 cells. CONCLUSION The interaction between SW1116 and HLSECs may promote tumor cell invasion, proliferation and colony formation in vitro, and tumor formation and liver metastasis in vivo. An epithelial-mesenchymal transition occurs in SW1116P21 cells, which contributes to the change in the characteristics of tumor cells.
Introduction
Colorectal carcinoma is one of the major causes of cancer death worldwide. The liver is the most common target for metastasis in patients with this disease. It is estimated that approximately 50% of patients with colorectal cancer develop liver metastases [1] , and about 20%-40% of these patients have synchronous liver metastasis and about 25% will develop heterochronous liver metastasis [2] . The organ-specific metastasis of tumors is closely correlated with tumor cell-endothelium interaction. First, circulating tumor cells express molecules whose ligands adhere preferentially to the endothelial cells of the target organ. Then, once tumor cells have successfully bound to the endothelium, multiple signal transduction cascades may be triggered which affect the proliferation, migration and invasion of the tumor cells. All these processes may contribute to the specific organ metastasis of tumor cells [3, 4] . It has been reported that interaction between tumor cells and endothelial cells mediated by Eselectin may promote cancer metastasis [5] . Also, Al-Mehdi et al. [6] found that the tumor cells, which adhere to the endothelium, proliferate in the blood vessels promoting metastasis of tumor cells.
In this study, we co-cultured cancer cells (SW1116) with human liver sinusoidal endothelial cells (HLSECs) and obtained subpopulations with a high potential for liver metastasis. The biological properties of these sublines were examined, providing a new model for studying the mechanism of colon cancer liver metastasis.
Materials and Methods

Materials Reagents
Dulbecco's modified Eagle's medium (DMEM), minimum essential medium and fetal bovine serum (FBS) were purchased from Hyclone company (Logan, UT). Matrigel was purchased from BD Bioscience (San Jose, CA, USA). Gelatin and Transwell were purchased from Corning. Calcein AM was purchased from Invitrogen. Horseradish peroxidase-conjugated goat anti-mouse/rabbit IgG was purchased from Vector (Burlingame, CA, USA). A western blotting kit was purchased from Applygen Technologies Inc. Polyvinylidene difluoride membrane was purchased from Millipore (Bedford, MA).
Animals
BALB/c (nu/nu) mice (4-6 weeks old) were purchased from Vital River Laboratories (Beijing, PR China), and were maintained under standard specific pathogen-free (SPF) conditions.
Methods
Isolation of the subline of colorectal carcinoma cells with a high level of adhesion to HLSECs
The human colorectal carcinoma cell line SW1116 was grown in DMEM-H medium, and HLSECs were grown in DMEM-E medium, supplemented with 2 mmol/L Lglutamine, 100 U/mL penicillin, 100 mg/mL streptomycin and 10% FBS. In all experiments, the cells were maintained at 37 u C in a humidified 5% CO 2 incubator. To determine whether SW1116 cells had been treated correctly for the isolation of adhesive cancer cells, human liver sinusoidal endothelium was grown to 100% confluence in a T75 flask, and then the medium was changed into DMEM-H with 0.1% FBS for 24 h. The colorectal carcinoma cells were digested and resuspended with DMEM-H/0.5% bovine serum albumin, and incubated with the human liver sinusoidal endothelium for 1 h. The colorectal carcinoma cells which had not adhered to the HLSECs were washed off, and the attached cells were grown in the T75 flask. After 48 h, the attached cancer cells were isolated from the HLSECs by trypsin digestion, as HLSECs are more easily trypsinized than colon cancer cells. Finally, colorectal carcinoma cells with high adhesion to HLSECs were obtained by repeating this process 21 times; the cells obtained were named SW1116P21.
Functional analysis of SW1116
Cell adhesion assay Adhesion of SW1116 or SW1116P21 to HLSECs was examined. The tumor cells were stained with calcein-AM (Invitrogen). LSEC cells ( 1610 4 ) were plated in a 96-well plate then coated with 2% gelatin (w/v) for 30 min, followed by the addition of medium containing endothelial cell growth factors for 24 h. Then this medium was replaced by medium containing no endothelial cell growth factors for a further 3 days to ensure that most of the endothelial cells were in a quiescent state. The colon cancer cells were maintained for 1 h, and the non-adhesive tumor cells were washed off. The adhesive tumor cells were examined by fluorescence microscopy, and the number of cells in each visual field was counted using IPP5.1 software.
Cell proliferation assay
SW1116 and SW1116P21 cells in the exponential growth phase were plated in a 96-well plate with 2,000 cells in each well. A viable cell count was made for each well every 24 h using CCK-8.
Assay of colony-forming ability
After digestion into a single-cell suspension, the cells were counted and the cell number adjusted to 10,000 cells/mL. Agarose (0.6%) with a low melting point and 2 6 cell medium were mixed 1:1 (v/v) to obtain 0.3% agar in the upper chamber. Agar (1 mL) in the upper chamber and 100 mL single-cell suspension (1,000 cells/well) were mixed in each well and solidified at room temperature. The 6-well plate was maintained for 2-3 weeks at 37 u C in a humidified 5% CO 2 incubator, and then the cell colonyforming rate was calculated.
Cell invasion assay
Matrigel (10 mg/mL) was diluted to 1 mg/mL with RPMI-1640 medium on ice. Diluted gel (50 mL) was added into the Transwell upper chamber, allowed to solidify for 1 h at room temperature and washed twice with RPMI-1640 medium. RPMI-1640 medium (600 mL) containing 10% FBS was added to the Transwell lower chamber, 100 mL RPMI-1640 medium containing 0.1% FBS was added to the Transwell upper chamber to resuspend the cells, and the cells were maintained for 24 h. The invaded cells were counted under a fluorescence microscope after staining with 4',6-diamidino-2-phenylindole.
Gelatin-zymography assay
Colon cancer cells were maintained in serum-free DMEM medium. The supernatant was harvested by centrifugation at 2,000 rpm for 10 min and then stored at 270 u C. The supernatant was subjected to electrophoresis on 100 g/L polyacrylamide gel containing 1 g/L gelatin, and the gel was rinsed 3 times (30 min each time) in 25 mL Triton X-100, followed by two rinses with 100 mL buffer (50 mmol/L Tris-HCl, pH 7.6) (20 min each time). The gel was incubated in 100 mL buffer (50 mmol/L Tris-HCl, 200 mmol NaCl, 10 mmol CaCl 2 ) for 24 h at 37 u C, stained in buffer (5 g/L Coomassie brilliant blue, 300 mL/L ethanol and 100 mL/L acetic acid) for 3 h, and destained for 15, 45 and 45 min. Matrix metalloproteinases (MMPs) were detected as a transparent bands on a blue background, and the band area, width and grey level were analyzed and scored with the gel-image analysis system for statistical analysis.
Xenografted human colon cancer cells in Nude mice
SW1116 or SW1116P21 (1610 6 cells) were injected subcutaneously into the right flanks of the mice (6 mice in each group). The major and minor diameters of the xenograft were measured every 3 days, and the volume of the xenograft was calculated with the formula: V5 ( /6) 6 (major diameter 6 minor diameter 6 minor diameter).
Experimental liver metastasis
All animal experiments were carried out in full compliance with institutional guidelines. SW1116 parental cells were harvested and suspended in phosphatebuffered saline at a final concentration of 2610 7 cells/ mL. Mice were anesthetized with an intraperitoneal injection of pentobarbital (60 mg/kg). Through a 10 mm left subcostal incision, the spleen was identified beneath the peritoneum, and exposed through an 8 mm incision. A suspension of tumor cells (100 mL) was injected into the spleen using a 27-gauge needle. After this, the spleen was returned to the abdominal cavity, the peritoneum sutured with a single stitch, and the wound closed with a clip. The number of metastases on the surface of the liver was calculated 8 weeks after the injection.
Western blot
For western blot analysis, cellular proteins were extracted into 40 mM Tris-HCl (pH 7.4) containing 150 mM NaCl and 1% (v/v) Triton X-100 and supplemented with a cocktail of protease inhibitors. An equal amount of protein was run on 10% SDS-PAGE, and then transferred onto a polyvinylidene difluoride membrane. After blocking with 5% non-fat milk, the membranes were allowed to react with primary antibody at 4 u C overnight, and then with horseradish peroxidase-conjugated sheep anti-rabbit or anti-mouse IgG (Vector). The blots were washed and then developed with a superenhanced chemiluminescence detection kit.
Statistical analysis
All data are presented as means¡SD. Statistical analysis was performed using SPSS statistical software (SPSS Inc, Chicago, IL, USA). Student's two-tailed t-test in the two groups was used to analyze the statistical significance of differences.
Results
Isolation of the colon cancer SW1116P21 cell subline with high adhesion to HLSECs in vitro
The colon cancer cell SW1116 stored in our laboratory was used for the co-culture selection. SW1116 cells were plated onto HLSECs. After 1 h the nonadherent cells were removed and the adherent cells were allowed to remain in the culture flask for 72 h. During this time, the cancer cells began to penetrate the monolayer of HLSECs, and ultimately grew into cancer cell nests. As a result of the difference in trypsin digestion of colon cancer cells and endothelium, we then removed HLSECs, taking advantage of the fact that HLSECs are much more easily trypsinized than the colon cancer cells (Fig.1A and  B) . The remaining tumor cells were then subjected to another round of selection. The process was repeated 21 times, and the cells finally separated were named SW1116P21. The morphology of SW1116 and SW1116P21 was observed under light microscopy. Fig. 1C shows that the morphology of SW1116P21 cells had changed dramatically: the cells had typical epithelial-like characteristics, the membrane was clear, the cellular boundary was marked. On the other hand, the boundary between parental cells had disappeared, a cell mass was formed and distributed as islands.
Analysis of the biological properties of SW1116P21 cells Analysis of adhesive ability in vitro
The ability of SW1116 or SW1116P21 cells to adhere to HLSECs was examined. SW1116P21 cells had significantly greater adhesive ability than SW1116 cells (Fig.2) .
Analysis of invasive ability in vitro
The invasive ability of SW1116 and SW1116P21 cells in vitro was investigated using a Transwell invasion chamber. It was found that the invasive ability of SW1116P21 cells was increased 2-fold compared with that of SW1116 cells (Fig.3) . The numbers of SW1116 and SW1116P21 cells were 89.4¡8.9 and 152.7¡11.3, respectively.
Gelatin-zymography assay
A gelatin-zymography assay of the culture supernatant of SW1116 and SW1116P21 showed two bands at 92 and 72 KD in the SW1116P21 cell lane (Fig.4) . The light level of SW1116P21 was higher than that of SW1116 cells, and the band area of SW1116P21 was greater than that of the parent cells, suggesting more MMP-2 and MMP-9 secretion and a significantly stronger invasive ability of SW1116P21 cells.
Analysis of proliferative ability in vitro
The proliferative ability of SW1116 and SW1116P21 in vitro was analyzed using CCK-8 staining. Fig. 5 shows that the SW1116P21 cells grew significantly faster than the SW1116 cells after plating for 24 h, and the optical density (OD) of the SW1116P21 cells at 450 nm was increased 2-fold at 48 h compared with the parent cells.
Analysis of colony-forming capacity
The colony-forming capacity of SW1116 and SW1116P21 was investigated by a soft agar assay. Fig. 6 shows that after 3 weeks the numbers of colonies formed by SW1116P21 cells and SW1116 cells were 152.4¡19.6 and 89.8¡19.6, respectively, an almost 2-fold increase in comparison with SW1116.
Tumorigenesis of SW1116P21 in vivo
BALB/c mice were subcutaneously injected with 160 6 SW1116 or SW1116P21 cells, and the growth of subcutaneous xenografts was measured using calipers. shows that the growth of SW1116P21 was significantly faster than that of SW1116 cells. The average weight of xenograft formed by SW1116P21 and SW1116 was 2.31¡0.89 g and 0.67¡0.21 g, respectively. This result indicates that the tumor-forming ability of SW1116P21 was significantly increased after its interaction with HLSECs.
Analysis of experimental liver metastasis SW1116P21 or SW1116 cells were then injected into the spleens of 6 mice for each group. Nine weeks later, the mice were sacrificed and examined for the presence of metastases. Fig. 8 shows that SW1116P21 cells had caused significantly more visible liver metastatic foci than SW1116 cells (P,0.05). With the injection of SW1116P21, metastases were found on the surface of the liver in all 6 mice, with an average number of metastases of 4.67¡1.63. In contrast, with the injection of SW1116 cells, metastases were found in the liver of 4/6 mice, with an average number of metastases of 0.83¡0.79. The results suggest that interaction of SW1116P21 with HLSECs may contribute to liver metastasis.
Detection of invasion-metastasis related molecules
The changes including cell morphology, migration and invasion suggested that SW1116P21 had undergone an epithelial-mesenchymal transition (EMT). It has been reported that E-cadherin and vimentin are markers of EMT [7, 8] . Therefore, we detected the protein level of Ecadherin and vimentin in SW1116P21 and SW116 by western blotting (Fig.9) . The results showed that the level of E-cadherin was decreased significantly and the level of vimentin was increased significantly in SW1116P21 cells in comparison with the parental cells, suggesting that SW1116P21 cells had undergone EMT by coculturing with HLSECs.
Discussion
Tumor metastasis occurs preferentially to certain sites: colon cancer often gives rise to hepatic metastasis [9, 10] , brain metastases occur frequently in patients with lung cancer [11, 12] , and the most common site of gastric cancer metastasis is the lymphatic and abdominal cavity [13, 14] . Recent research has shown that interactions between tumor cells and the endothelium of target organs have a vital role in the specific metastasis of a tumor.
Therefore, in this study we isolated colon cancer cells attached to HLSECs in vitro. The highly adhesive cells were co-cultured with HLSECs for 48 h. During this time, the cancer cells began to penetrate the monolayer of the HLSECs, and ultimately grew into cancer cell nests. We then removed the HLSECs, taking advantage of the fact that they were much more easily trypsinized than the colon cancer cells. The surviving tumor cells were then subjected to another round of selection. SW1116P21 cells (the 21th cycle co-culture with HLSECs) were obtained. The different cell morphology and phenotypes in SW1116 and SW1116P21 were observed.
Then the phenotype and function of cell proliferation, invasion, colony formation in soft agar, and adhesion to HLSECs were examined. In comparison with SW1116 cells, SW1116P21 cells showed clear cellular boundaries and were characterized by a greater invasive ability, cell proliferation and colony formation in soft agar. A gelatin-zymography assay also showed that the ability of the SW1116P21 cells to secrete MMP-2/9 was significantly greater than that of the SW1116 cells. An assay showed that the ability of subcutaneous tumor formation of SW1116P21 was significantly enhanced. It was also found that mice injected with SW1116P21 cells developed significantly more visually observable liver Studies have shown that the invasion and metastasis of tumors are dependent on EMT characteristics, including loss of cell polarity, reduced contact with neighboring cells and matrix, downregulation of the cell adhesive ability and increasing cell migration and movement [15] . Based on the morphology and the results of functional assays of SW1116P21 cells, we speculated that SW1116P21 underwent EMT after interaction with HLSECs, which might contribute to the liver metastasis of colon cancer cells. It has been reported that E-cadherin and vimentin are markers of EMT [8] . Therefore, the protein level of these EMT markers was detected by western blotting. The results showed that the level of Ecadherin was downregulated and the level of vimentin was upregulated, suggesting that the metastasis of SW1116P21 cells was promoted by the EMT.
In summary, we successfully established a model of the interaction between tumor cells and the endothelium of the target organ and obtained the colon cancer cell subline SW1116P21, which showed increased invasiveness, high proliferative ability, high adhesion to the human liver sinusoidal endothelium and high metastasis in vivo. SW1116P21 might be useful as a basic material for the study of the molecular mechanism of colon cancer liver metastasis. In future studies we would aim to identify the different genes between SW1116 and SW1116P21, which might provide candidate molecules for therapy of colon cancer liver metastasis.
